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626 KIPPING AND CHALLENGER: THE RESOLUTION OF 
LXX. -The Resolution of Asymmetp.ical Derivatives o f  
Phosphoric Acid.  
By FREDERIC STANLEY KIPPING and FREDERICK CHALLENGER, B.Sc. 
(1851 Exhibition Scholar). 
IN a paper which has just been published (Ber., 1911, 44, 356), 
Meisenheimer and Lichtenstadt have shown that methylethylphenyl- 
phosphine oxide exists in optically active forms. These authors 
claim, and rightly so, that  they are the first to  have obtained 
derivatives of phosphorus, of which the optical activity is conclu- 
sively proved to be exclusively due to  the asymmetric distribution 
of the radicles around the phosphorus atom. 
Not contented with their undoubted success, they pass on to 
criticise the experiments of Luff and Kipping on the resolution of 
asymmetric derivatives of phosphoric acid (Trans., 1909, 95, 
1993); they suggest, not only that this investigation was based on 
some earlier work of Meisenheimer (Bey . ,  1908, 41, 3966), but also 
that  its results were inconclusive, because, as Luff and Ripping's 
isomerides differed little in specific rotation, the isomerism was not 
proved to be due to the asymmetry of the molecules; they also 
suggest that  the compounds in quest'ion are structurally, and not 
stereochemically, isomeric. 
The priority claim is of small importance, but, as a matter of 
fact, experiments on the preparation and resolution of phosphorus 
compounds of the type PORlR2RS were carried out in these labora- 
tories a t  least ten years ago, and some of the results were published 
in 1902 (Caven, Trans., 1902, 81, 1362); this paper was specifically 
referred to  by Luff and Kipping (Zoc. c i t . ) .  
As regards Meisenheimer and Lichtenstadt's other criticisms, the 
point at issue is whether the isomeric substituted amides which are 
formed by the interaction of phenyl-ptolylphosphoryl chloride and 
I-menthylamine, or d-hydrindamine, are structurally isomeric, as 
represented by the formulz : 
respectively, or  whether they are optically isomeric derivatives of 
d- and Z-phenyl p-tolyl hydrogec phosphates. 
Meisenheimer and Lichtenstadt seem to attach importance to  the 
fact that  the two d-hydrindamides, and likewise the two I-menthyl- 
amides, are not widely different in specific rotation in methyl- 
alcoholic solution, and remark tha t  '' der grosste beobachtete Unter- 
schied in den direkt abgelesenen Drehungswerten betrug weniger als 
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ASYMMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 627 
O’20°” How they arrive at the figure 0*20° from the published 
data is not very obvious, but in any caSe the fact that  the isomerides 
differ only by about 5 O  in specific rotation is no argument one way 
or the other.* A t  the present time very little is known as to the 
relation between molecular rotation and chemical structure, and 
t o  premise that  the d-hydrindamides or I-menthylamides of the 
enantiomorphously related pheinyl ptolyl hydrogen phosphates 
should show a greater difference in specific rotation than structur- 
ally isomeric compounds of the formulEe given above, is merely a 
gratuitous assumption. As an example of the impossibility of 
foretelling either qualitatively or quantitatively the specific rota- 
tions of such compounds, it may be noted that the d-hydrindamide 
of d-benzylmethylacetic acid is hvorotatory (aD - 1 5 * 5 O ) ,  whereas 
the I-menthylamide of the same acid is dextrorotatory (aD + 7’5O) in 
methyl-alcoholic solution (Salway and Kipping, Trans., 1904, 85, 
448). 
The only relevant criticism of Meisenheimer and Lichtenstadt is, 
in fact, tha t  “Die Isomerie konnte sehr wohl auch auf Struktur- 
verschiedenheit . . . zuriickzufiihren sein.” This point was considered 
by Luff and Kipping (Zoc. cit.), but  i ~ s  the isomeric amides were 
found to be stable in presence of alkalis, it was concluded that  they 
were not represented respectively by the formulz given above; 
conseqyently, they were considered to  be structurally identical and 
optically isumeric. 
Although this conclusion seemed to be a sound one, the study of 
asymmetric derivatives of phmphoric acid was continued, and has 
been in progress during the last eighteen months, but has been 
frequently interrupted owing 60 the departure of the student who 
was taking part in the work. The results are now published- 
perhaps in a less complete state than would otherwise have been 
desirable-in consequence of the appearance of Meisenheimer and 
Lichtenstadt’s paper, which renders unnecessary any further 
evidence of the existence of optically active phosphorus compounds 
of the type PORlR2R3. 
I n  the first place, as the previous failure to resolve phenyl p-tolyl 
hydrogen phosphate by the usual method might possibly be 
attributed to the similarity of the phenyl and ptolyl radicles, it 
seemed advisable to prepare an asymmetric phosphoric acid in 
which the two hydrocarbon radicles would differ considerably in 
molecular weight. This was accomplished by treating phenyl- 
phosphoryl chloride with sodium /3-naphthoxide, or with &naphthol, 
and then hydrolysing the product. 
* The I-menthylamides showed a difference of about 22” in molecular rotation, or 
a value which is actually about half that  of the molecular rotation (in aqueous 
solution) of Meisenheimer and Lichtenstadt’s oxide. 
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628 KIPPING AND CHALLENGER: THE RESOLUTION OF 
The dl-phertyl P-naphthyl hydrogen phosphate, 
PO(OPh)(OC,oH7)*0H, 
was then combined with various optically active bases, and the salts 
were fractionally crystallised, but in no case was there any sign 
that  a resolution had occurred. It therefore seemed desirable to 
prove the asymmetry of the acid molecule and to attempt the 
resolution of the dZ-compound by the method previously employed ; 
for this purpose the chloride of the acid was treated with Z-menthyl- 
amine. An examination of the l-menthylamide, 
showed that  it was a mixture of two isomeric amides; the more 
sparingly soluble component was easily isolated, but  the more readily 
soluble one was not obtainable quite free from its isomeride. The 
fact that  the pure acid chloride yields two l-menthylamides, just 
as phenyl-p-tolylphosphoryl chloride gives isomeric Z-menthylamides 
and dhydrindamides, establishes the asymmetry of the phosphoric 
acid, unless, of course, the amides are Btructurally different. This 
alternative is highly improbable ; firstly, because both the Z-menthyl- 
amides are stable in presence of alkalis; secondly, because a careful 
investigation of the Z-menthylamide and hydrindamide of d-benzyl- 
methylacetic acid (Salway and Kipping, Zoc. cit.) failed to  reveal 
the existence of isomeridea; and thirdly, because structural 
isomerism of the suggested type in the case of substituted amides, 
if known at all, is a very rare occurrence. 
As, however, it might be argued that  substituted amides derived 
from phosphoric acids are not comparable with those derived from 
carboxylic acids, some further evidence waa perhaps desirable in 
favour of the view that  the l-menthylamides are structurally identi- 
cal. This evidence was obtained in tqhe following manner : Phenyl- 
/3-naphthylphosphoryl chloride was treated with ammonia, and also 
with p-toluidine ; the amide, PO(0Ph) (OCloH,)*NH, and the 
p-tolwidide, PO (OPh) (OGl,H,) *NH* C6H4Me, which were thus 
obtained, and also the di-p-toluidide of phenyl dihydrogen phos- 
phate, PO(OPh)(NH*C6H4Me)-NH*C6H,Me, w re carefully exam- 
ined, but were found to show the properties of homogeneous 
products. It may be concluded therefore that the substituted 
amides of phosphoric acid do not exist in stable structurally isomeric 
forms, and that  the existence of the isomeric d-hydrindamides and 
Z-menthylamidm of phenyl p-tolyl and of phenyl P-naphthyl 
hydrogen phosphates is due t o  the asymmetry of the molecules of 
these acids. 
The readiness with which dl-phenyl ptolyl and dZ-phenyl 
8-naphthyl hydrogen phosphates are resolved into their optically 
active componenk by the fractional crystallisation of their sub- 
PO(OPh)(OC10H7)*NH*CIOHl~, 
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ASYMMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 629 
stituted amides is in striking conbrast to the behaviour of the salts 
of these acids; of the three amides which have been examined, all 
have given positive results, but of the twelve or more salts, not 
one has exhibited the least sign of a possible resolution. In this 
respect, judging from a footnote in Meisenheimer and Lichtenstadt’s 
paper, and from a private communication from another source, the 
salts of the asymmetric phosphoric acids resemble those of the 
asymmetric phosphonium hydroxides. I n  neither case, however, 
does this negative evidence throw any doubt on the existence of the 
enantiomorphously related isomerides ; as in so many instances on 
record, the separation of the optically active forms, if they are 
sufficiently stable, is probably merely a question of the fortuitous 
choice of a suitable base or acid, 89 the case may be. 
EXPERIMENTAL. 
Phen yl-B-rlapht hylphosphoryl Ch tom‘de, P O  (OPh) (OC,,H,)Cl. 
This compouna was first prepared by gradually adding an 
ethereal solution of sodium 6-naphthoxide (1 mol.) to  nn ethereal 
solution of phenylphosphoryl chloride (1 mol.), and then heating the 
mixture during about an hour; the sodium chloride was then 
removed by shaking the ethereal solution with water, and the 
product was ultimately isolated by fractional distillation under 
greatly diminished pressure. 
It was afterwards found that an equally qood result is obtained 
by mixing phenylphosphoryl chloride with j3-naphthol in molecular 
proportions, and then qra.dually heating the mixture on a sand-bath 
until the evolution of hydrogen chloride ceases. The liquid is then 
fractionally distilled under diminished pressure, and the product, 
which passes over from about 280° to 300°/29 mm., is collected; 
from this preparation, by further fractional distillation, the pure 
chloride is obtained as a viscid, colourless liquid, which boils at 
about 286O/29 mm., and crystallises when it is cooled to atmospheric 
temperature, but  melts again at relatively low temperatures. 
For analysis, samples of the chloride were shaken with a con- 
centrated solution of ammonium hydroxide, the precipitated phenyl- 
B-naphthylphosphoramide was separated by filtration, and the 
filtrate was treated with excess of silver nitrate and dilute nitrir 
acid : 
1.0544 gave 0.4926 AgCJ. (71 =11*55. 
1.0998 ,, O*bY 29 A@. Cl= 11.53. 
C?,,H,20,ClP requires c1= 11.19 per cent. 
P h e n ? ~ k B - n a 7 r h t h ~ ~ ~ 7 ~ o ~ p h o ~ Z  chloride is only very slowly hvdm 
Iysed even by hot water or by a cold solution of sodium carbonate; 
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630 KIPPINU AND CEALLENOER: THE RESOLUTION OF 
nevertheless, it gradually decomposes on exposure t o  moist air, and 
then fumes strongly. 
Phen y 2 P-Napht hyt Eydrogelz Phosphate, PO (OP h) ( OCl,H,) OH. 
This acid may, of course, be obtained by warming the pure 
chloride with water for some t'ime, but  it may also be prepared 
directly from the crude product of the interaction of phenyl- 
phosphoryl chloride and P-naphthol. For this purpose, the oily 
liquid, which consists of a mixture of phenylphosphoryl chloride, 
phenyl-Ektaphthylphosphoryl chloride, and phenyl di-P-naphthyl 
phosphate, is heated to  about 60°, and is then vigorously shaken with 
a 15 per cent. aqueous solution of sodium hydroxide; the two 
chlorides are hydrolysed, and their sodium salts pass into solution, 
whilst the phenyl di-B-naphthyl phosphate separates in crystals. 
When the solution of the sodium salts is directly treated with 
excess of hydrochloric acid, the phenyl 8-naphthyl hydrogen phos- 
phate, which is precipitated &s an oil, slowly solidifies when it is 
rubbed, bu t  it almost invariably separates agarin from solvents in 
an oily condition. For this reason, it is advisable to  purify the 
rather sparingly soluble sodium salt by recrystallisation from water ; 
the wid obtained from the purified sodium salt is then easily 
recrystallised from a mixture of benzene and light petroleum. 
Phenyl B+=zaphthyl hydrogen phosphate separates from its solu- 
tions in colourless, microscopic, anhydrous needles, and melts at 
92-93O. It is almost insoluble in water, and is only very sparingly 
soluble in light petroleum, but it dissolves freely in alcohol, benzene, 
or ethyl acetate. The acid was not analysed, but  its equivalent was 
determined by titration with a solution of sodium hydroxide, and 
was found to be 298; the calculated value is 300. The composition 
of the acid was further established by the analyses of the derivatives, 
which are described later. 
The sodium salt is relatively sparingly soluble in cold water, 
from which it separates in long, cdourless needles. The calcium, 
barium, zinc,  m d  silveT salts are obtained by precipitation, and axe 
sparingiy soluble or insoluble in water. The p-toluicEine salt 
crystallises well from aqueous alcohol in lustrous needles, and melts 
a t  163-164O. 
Quinine Phenyl P-Naphthyt Phosphate. 
This salt was prepared by treating the sodium salt of the acid 
with a slight excess of quinine hydrochloride in aqueous solution; 
it was precipitated as an oil, which immediately solidified to a hard, 
crystalline mass. The crude product, which melted at about 170°, 
was systematically crystallised from a, mixture of alcohol and ethyl 
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ASYMMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 631 
acetate, and after many operations the various fractions were 
examined; they all melted at 174--175O, except the most readily 
soluble one, which liquefied at about 170O. 
The specific rotations of the two extreme fractions were deter- 
mined in methyl-alcoholic solution, and were found to be identical : 
0.1623, made up t o  25 c.c., gave, in a, 2-dcm. tube, a -1*41*, 
whence [aID - 108’6O. 
0.1903, made up to 25 c.c., gave, in a 2-dcm. tube, a -1*65O, 
whence [a], - 108’4O. 
The quinine salt is readily soluble in alcohol and benzene, but  is 
only sparingly soluble in ethyl acetate and insoluble in ether; it 
crystallises in needles. 
Strychnine Phenyl B-Naph t hyZ Plios @at e. 
The oily precipitate obtained by double decomposition in the 
usual manner was washed with water and kept during several weeks, 
but it did not crystallise, and it also separated as an oil from 
aqueous alcohol and aqueous acetone. When, however, it was 
heated at looo, the oil gradually solidified, and the dry salt was 
easily crystallised from ethyl acetate to which a little methyl alcohol 
wits added. The compound was fractionally crystallised from this 
solvent, but it underwent no change in melting point, and behaved 
like a homogeneous substance. The deposits consisted of rosettes of 
colourless needles, which melted at 142-1 43O, and seemed to contain 
solvent, as they immediately liquefied and gave a frothy mass when 
they were suddenly heated at about 137O. 
The strychnine salt is only sparingly soluble in boiling ethyl 
acetate and in boiling water, but  it dissolves freely in chloroform, 
alcohol, ocr acetone. 
Cinchonidine Phenyl P-Naphthyl Phosphate. 
The precipitated salt was a viscid oil, but it crystallised in a few 
minutes; when washed with water and dried, the crude product 
melted at about 190--195O, but after recrystallisation from aqueous 
methyl alcohol, its melting point rose to 196-197O. The compound 
was fractionally crystallised from this solvent, and the extreme frac- 
tions were then compared; the “ most sparingly soluble ” one melted 
at 196--197O, and the “most readily soluble” one at 195-197O. 
The salt was also repeatedly crystallised from a mixture of chlorcl 
form and light petroleum, but  its properties remained unchanged. 
Cinchonidine phenyl B-naphthyl phosphate is very readily soluble 
in chlorofo,rm, and dissolves freely in benzene or ethyl acetate, but 
is practically insoluble in ether, light petroleum, or water; it slowly 
decomposes at its melting point. 
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Cinchonine Phenyl /3-Naphthyl Phosphate. 
This compound was obtained by double decompositiou as an oil, 
which solidified in the course of some hours. It separated from 
aqueous methyl alcohol in small needles, and was repeatedly crystal- 
lised from this solvent, but there was no sign of a resolution having 
occurred, and the various fractions melted practically simultaneously 
at 178-181O. It was also repeatedly crystallised from a mixture 
of benzene and light petroleum, but its melting point underwent 
no change. 
The salt dissolves freely in alcohol, acetone, or benzene, but  is 
practically insoluble in water or light petroleum. 
B m c h e  Phenyt &NaphthyZ Phosphate. 
The precipitated brucine salt was washed with boiling water, and 
kept during several days, bu t  it did not cryddliw, and separated 
from its solutions in aqueous alcohol or aqueous acetone as a viscid 
oil. It wm, therefore, dried a t  looo, and then dissolved in 
anhydrous ethyl acetate, from which it was deposited in a resinous 
form. When precipitated from its hot ethyl acetate solutions with 
light petroleum, it was obtained in a very viscous state, but  at the 
ordinary temperature it separated in flocculent masses, which 
changed into a crystalline powder aa the proportion of light petro- 
leum was increased. The salt was systematically crystallised from 
this mixture, and was thus separated into five fractions, but  so far 
as could be ascertained it remained unchanged. The various 
fractions showed the same behaviour; when placed for a few 
moments on porous earthenware, and then quickly transferred to  
capillary tubes, they began to  sinter and froth from about 6 5 O ;  
if left in the  air for a, short time, they absorbed moisture, and first 
bec-e sticky and then hard again; when heated slowly in a water- 
oven from about 50°, they first became pasty, and then gave a hard, 
brittle solid, but even after six hours at looo they still retained 
solvent, and began to sinter and froth from about llOo; they melted 
immediately with effervescence when they were suddenly heated at 
about 160O. Attempts t o  obtain crystals free from solvent and 
having a definite melting point were unsuccessful. 
The s a l t  is readily soluble in cold alcohol, acetone, or chloroform, 
and also in hot benzene, but  it is practically insoluble in water or 
light petroleum. 
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1-Men t h ylarnin e Ph en yZ P-Naph t h y l  Phos p ha t e. 
The oil which was precipitated from a solution of the sodium salt 
on the addition of excess of Z-menthylamine hydrochloride solidified 
after a short time, and, after being washed with water, it crystal- 
lised from aqueous methyl alcohol in very slender needles. The 
crude product was recrystallised from this solvent six times, but as 
its melthg point only rose 2O, it was concluded that a resolution 
had not occurred. The use of other solvents also failed to  bring 
about any change in  the properties of the salt, and its melting 
point remained constant a t  181-182O. The compound is readily 
soluble in alcohol, acetone, or warm ethyl acetate, but it is only 
very sparingly soluble in boiling light petroleum, and almost 
insoluble in water; in aqueous alcoholic solution it is hydrolysed 
to some extent, and Z-menthylaniine volatilises when the solution 
is boiIed. 
I ts  specific rotation was determined in methyl-alcoholic solution : 
0.3745, made up to  25 c.c., gave, in a 2-dcm. tube, a -0*46O, 
whence [aID -15’5O. 
R eso Zu tion of Phenyt P-Naph t h yl Hydrogen Phosphat c. 
Pure phenyl-B-naphthylphosphoryl chloride was treated with a 
slight exoess of Z-menthylamine in ethereal solution, and the liquid 
was then boiled on a reflux apparatus for some time; the precipi- 
tated Z-menthylamine hydrochloride was collected, the ether was 
evaporated, and the crude oily product was repeatedly washed with 
a dilute solution of sodium carbonate, and finally with dilute hydro- 
chloric acid, in order to decompose any Z-menthylamine salt and 
remove its decomposition products. 
The residual menthylamide was a colourless oil, readily soluble 
in cold light petroleum; it, remained liquid for some time, and 
separated in an oily condition from various solvents, but  from its 
solution in moderately concentrated aqueous acetone, crystals were 
slowly deposited. When repeatedly recrystallised from this solvent, 
these deposib ultimately yielded a well-defined substance, which 
melted sharply at 135--136O, and underwent no change when it wilrs 
crystallised from other solvents. 
a-Zsomeride.-The pure compound, melting at 135--136O, is an 
Z-menthylamide of phenyl B-naphthyl hydrogen phosphate : 
0-1864 gave 0.4890 C 0 2  and 0.1280 H,O. 
Its  specific rotation was determined in methyl-alcoholic solution , 
C=71*5; H ~ 7 . 6 .  
Cz6H,O,NP requires C = 71.4 ; H = 7.3 per cent. 
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634 KIPPING AND CHALLENGER: THE RESOLUTION OF 
0'584, made up to 25 c.c., gave, in a 2-dcm. tube, a -1*74O, 
whence [aID -37.2O. 
This l-ntenthylam'ide separat.es from aqueous acetone, ethyl 
acetate, and ether in lustrous needles; it is only very sparingly 
soluble in boiling light petroleum (60-70°), and practically in- 
soluble in water. It is very stable towards alkalis, and it does not 
undergo any appreciable decomposition when it is heated for a 
short time with a, solution of sodium carbonate, or even sodium 
hydroxide. 
8-18omerde.-The more readily soluble fractions of the original 
z-menthylamide had very indefinite melting points, which ranged 
from about 1 2 5 O  down to about 750, and the whole behaviour of the 
crude preparation showed clearly that it was a mixture. Those 
fractions which melted completely below about looo were put  
together, and as they were found to contain a little Z-menthylamine 
salt, they were dissolved 'in alcohol, the solution was treated with 
excess of sodium carbonate, and the liberated base was distilled in 
steam. The presence of this Z-rnenthylamine salt wad due ta the 
fact that  this salt is only very slowly and partly decomposed when 
it is left in contact with a cold aqueous solution of sodium 
carbonate; hence it was not completely removed when the crude 
2-menthylamide was purified in the manner mentioned above. 
The readily soluble Z-menthylarnide wm next fractionally crystal- 
lised from hot light petroleum, and the first deposit, which might 
have contained a considerable proportion of t.he sparingly soluble 
a-isomeride, was rejected. The mother liquors gave on evaporation 
an almost colourless residue, free from Z-menthylamine salt, which 
melted from about 80° to 90°. This preparation was dissolved in 
methyl alcohol, and the solution was allowed t o  evaporate spon- 
taneously; it deposited coIourIess rosettes of slender needles, which 
melted a t  94-96O. 
This compound is also an Z-menthylamide of phenyl B-naphthyl 
hydrogen phosphate : 
0.1724 gave 0.4514 CO, and 0.1196 H,O. 
Its specific rotation was determined in methyl-alcoholic solution 
with two different preparations; one of these was a portion of the 
sample which had been analysed: 
0.5367, made up to 25 c.c., gave, in a 2-dcm. tube, a -1'24O, 
0.3043, made up to 20 c.c., gave, in a 2-dcm. tube, a -0*89O, 
This B-l-menthytnmide resembles the a-isomeride very closely in 
all ordinary properties, and differs from it merely in being more 
C=71.4; H=7*7. 
whence [a]D -28.9'. 
whence [a], -29'1O. 
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readily soluble ; thus the B-isomeride dissolves readily in boiling 
light petroleum (60-70°), whereas the a-compound dissolves in 
Small quantities only. Like the a-compound, it is very stable 
towards alkalis, and when it is boiled for a short time with a solution 
of sodium carbonate, the odour of Z-menthylamine is not observed : 
this fact rendered it an easy matter to prove that the preparation 
was perfectly free from I-menthylamine phenyl 8-naphthyl phos 
phate. 
The difference between the a- and 8-isomerides, both as regards 
melting point and specific rotation, is considerably greater than 
in the case of the isomeric I-menthylamides of phenyl p-tolyl 
hydrogen phosphate; it may be noted also that whereas the more 
readily soluble I-menthylamide of the acid just mentioned has the 
higher specific rotation, it is the more sparingly soluble isomeride 
of phenyl P-naphthyl hydrogen phosphate which is the more 
optically active. 
Although there can be little doubt that  t.he isomerides described 
above are derived from d- and I-phenyl 6-naphthyl hydrogen phos- 
phates respectively, the acids themselves could not be obtained from 
their I-menthylamides. 
YI~enyZ-8-naphthylphosphoramide, PO(OPh)(OC,,H7)*NH,. 
Phenyl-B-naphthylphosphoryl chloride reacts readily with a 
moderately concentrated aqueous solution of ammonium hydroxide 
a t  the ordinary temperature, and in the course of about half an hour 
it is converted into a crystalline amide. The crude product melted 
at 150-15Z0, and showed the properties of a homogeneous sub- 
stance ; when crystallised from ethyl a.lcoho1, its melting point rose 
to 152--153O, but underwent no further change when the compound 
was recrystallised : 
0.3052 gave 12.7 C.C. N, at 1 8 * 5 O  and 768 mm. N=4.84. 
ClGHl,03NP requires N = 4.68. 
The amide forms lustrous plates, and is readily soluble in chlore 
form and moderately easily so in benzene or ethyl alcohol, but 
only sparingly so in ether, light petroleum, or hot water. It is 
very stable towards alkalis, and when it is heated wit.h potassium 
hydroxide solution there is no appreciable evolution of ammonia 
until most of the water has boiled away and a high temperature 
has been reached. 
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636 ASP MMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 
PhenyGP-naph thylphosphor-p-tolui&de, 
PO(0Ph) (OC,oH,)*NH*C,H,Me. 
The interaction of phenyl-8-naphthylphosphoryl chloride and 
ptoluidine (2 mols.) occurs readily in benzene solution at the 
ordinary temperature, but to  ensure the completion of the change, 
the mixture was heated during about an hour. The precipitate of 
toluidine hydrochloride having been separated and the solution 
evaporated, the d y  ptdluidide was washed with water and a little 
dilute aqueous alcohol; it then solidified completely, and was easily 
crystallised from a mixture of benzene and light petroleum. The 
preparation showed throughout the behaviour of a homogeneous 
substance, and its melting point remained unaltered after repeated 
crystallisation : 
0*3882 gave 12.4 C.C. N, at 19O and 768 mm. 
C23s,03NP requires N = 3.6 per cent. 
The compound melta at 126--127O, and is readily soluble in 
alcohol, ether, acetone, and most other common solvents, with the 
exception. of light petroleum and water; like the amide, it is very 
stable towards alkalis. 
N=3*7. 
P~enylphosp~ord~p- to lu id ide ,  PO(OPh)(NR*C,H,Me),. 
Phenylphosphoryl chloride is readily acted on by p-toluidine 
(4 mols.) in benzene solution, but the reaction is not completed 
until the mixture has been heated during about an hour. The 
precipitated toluidine hydrochloride having been separated by 
filtration, the benzene wits distilled, and the residue repeatedly 
washed with warm water; the produot then solidified, and when 
recrystallised from aqueous alcohol it showed the properties of a 
homogeneous substance : 
0-3943 gave 27.0 C.C. N, a t  18.5O and 767 mm. 
C20H210,NP requires N = 7.95 per cent. 
Phenytphosphordi-p-totuidide melts at 147-148O ; it dissolves 
readily in ethyl acetate, and moderately easily in ether, chloroform, 
or alcohol, but  only very sparingly in light petroleum. 
N = 7.98. 
This work was commenced in conjunction with Mr. B. D. W. 
Luff (1851 Exhibition scholar); Mr. Sherwood, B.Sc., and Mr. T. E. 
Smith, B.Sc., have also taken some part in it.-F. S. K. 
UNIVERSITY COLLEGE, 
fl OTTINGHAM. 
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